[P

NASA TT F-oh67

e e s reri 3
B
s
'y
£
g
MODERN VORTEX AND: CENTRIFUGAL-VORTEX
e PUMP CONSTRUCTION - e
o i h § 10
1 L1
'w V. G. Kovalenko and N. N. Kupryashin

Translation of "Sovremennyye konstruktsii
vikhrevykh i tsentrobezhno-vikhrevykh nasosov."
Vestnik Mashinostroyeniya, No. 2, pp. 10-16, 1958.

GPO PRICE §

N65-29730

CFSTI PRICE(S) $
(THRU)

(ACCESSION NUMBER)

.
3G

dd— / o0

-
o
e
b3
H
(]
- [
b o
E
3
2
x

gy Hard copy (HC)

/

e (NASA CR OR TMX OR AD NUMBER) ; ,‘ﬂ
b3 (CaTEGoRN Microfiche (MF)

Le 653 July 65

i

DN G

|
H
1
|
{

NATTONAL AERONAUTICS AND SPACE ADMINISTRATTON e
. WASHINGION CJULY 1965 .y ie

LS SR BRVEL B et

~




NASA TT F-9467

PP TR
§
H

i

JUNSS SIS -

MODERN VORTEX AND CENTRIFUGAL-VORTEX
PUMP CONSTRUCTION
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The performance characteristics and constructional details of

Soviet-made vortex and multistage centrifugal-vortex pumps,
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classified as open- and closeﬁ.—passage types, are described, :
with numerous examples of spebific commercial and experimental

models. Some of the means incorporsted for reducing the size

and weight of such pumps, decreasing cavitation, economically
introducing self-priming, and for enhancing pump efficiency

are discussed, including the use of shrouds, series and par- E;i
allel connection between stagés s, cantilever-type impeliers, : -

curvature of the impeller blades, configuration of the flow-

‘ through channel, use of a single impeller to serve different L
stages, multiple suction and discharge openings, etc. W

Vortex pumps are widely used in various branches of industry, both in and[lb*

out of the Soviet Union. The theory and analytical design principles, as well’ji

,;;‘as their areas of application in the national economy have been discussed pre-

viously (ref. 1). The present report simply describes the constructioﬁ; design.i?

a?gcharacteristics, and operation of modern vortex and centrifugal-vortexébumps.

The vortex pumps used most extensiﬁely outside the Soviet Union a%é of thé;f

:fopen type, very similar in constructional detail to the Soviet commerciél SVN-80

‘and VS-65-A vortex pumps, as well as vortex pumps of the closed type, with a
peripheral flow passage, constructionally similar to the Soviet type V vortex

pumps (ref. 2).
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|
 Prior to the 1950's, Soviet industry also produced these two types of
ffvortex pumps almost exclusively, mainly‘the closed type. The principal advan-
;;tages of the closed type of vortex pump over the open type are the steep Q-H
7 curve of the former, higher efficiency and durability of the impeller blading, ;

iiand somewhat higher engineering economy. in their construction. i

1
-

The drawbacks of this type of pump.are their poor ceavitation characteris- ?%;

tlcs, the lack of a self-priming capablllty'w1thout added accessories, and low .

S e men e ot et

' . Shaft I‘.p.m.
A common disadvantage of these pumps is the occurrence of relatively high
‘f radial thrust, which affects the working impeller. The radial thrust is given

ey

JID_B ;i
2 5

where 7y is the specific weight of the fluid, H is the pump head, D, 1s the out-

jside diameter of the impeller, B is the width of the impeller.

Inasmuch as vortex pumps are used predominatly for large heads H, the
radial thrust P can amount to a hundred kilograms, which tends to bend the
shaft, cause wear on the impeller and casing, and prematurely wears out the

‘bearings and stuffing box (ref. 3).

i;% The Pirst step toward elimination of the poor cavitation re31stanﬁe of z
i; iclosed pumps was the design of the centrifugal-vortex pump, in which the firStx‘f
ii auxiliary centrifugal stage generates the head necessary for cav1tat109ffree ;;;
Zi Eoperation of the second, or vortex stage. %

3 0

As an example, we will consider the cavitation characteristics of'the

DO e (

‘TsVS-53 pump (fig. 1). = :
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Tests have shown that the closed type of vortex pump without the head
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Figure 1. TsVS-353 Centrifugal-Vortex Pump.
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a) Vortex Stage Characteristic;

Vacuum on Suction Side

gproduced by the centrifugal impeller has a low cavitation

b) Pump Characteristic.

resistance, which

| Figure 2. Cavitation Charscteristic of the TsVS-53 Pump and its Vortex Stage: -



' 'almost cuts in half the permissible intake when fluids with & high vapor pres- |
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ﬁivortex pumps with as high as 6000 shaftfr.p.m. This greatly reduces the weight
10 3 i
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sure are pumped under industrial conditions (fig. 2).
The placement of a centrifugal stage, with its high cavitation resistance,

}ahead of the vortex stage maskes it possible to builld closed type centrifugsal-
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gand physical size of the pump, and improves its self-priming capsbilities sub- |1:

%%stantially. The size and weight of cenﬁrifugal-vortex pumps c&n also be dimin- :

-~ 1ished by combining the centrifugal and vortex impellers into one.

?iication of the old closed type of hydraulic section is the 2.5TsV-5 pump (fig.

)

O
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”773), which functions as part of the BMP-BOM motopump system. Since the pump in ,ﬁf

'a maximally sloping hesd (and hence power) characteristic. This kind of

3§fluid to rise in the suction pipe from its free level in the reservoirﬂto its

éexit from the discharge pipe of the pump; this time depends on the caphﬁity of

H
3

Pumps of the centrifugal-vortex type (type TsV) with a combined impeller

are currently being produced on a regular basis. A typical example of the applie?

this case is driven by & gasoline engine, one of the essential requirements is |25

%characteristic has been successfully acquired by using inclined blades, curved . -
back at an angle of 35°, on the vortex impeller.

In addition to their good hydraulic features, centrifugsl-vortex pumps
generally ought to have a high self-priming capability. In commercial operatidﬁ;

the self-priming rate is generally understood to be the time required for the

the suction pipe and inteke height. The automatic intake of fluid by '~ L

-centrifugal-vortex pumps is normally realized by means of & separating éhroud

i‘i:placed over the discharge opening; this shroud has large weight and dimensions;'L

and lowers the efficiency of the pump 8 to 12%. : f
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Figure 3. 2.5TsV-5 Pump with a Single Centrifugal-Vortex Impeller.
The self-priming capability of any pump equipped with & separating shroud %Zi

ﬁ?iis determined by the following factors: the nature of the pumped fluid (its

‘5;§vapor pressure, density, temperature, viscosity, and gas content); the length ézi

25 and diameter of the suction conduit; the geometric inmtake height; the shaft |27

Eﬁ?r.p.m.; the construction, shape, and diﬁensions of the separating shroud; the

20 geometry of the flow-through part of the pump.
Figure 4 shows & conceptual diagram.of a centrifugal-vortex pump in which§% 
* the self-priming process is realized by means of a sepasrating shroud. This tyﬁéf
-t \"}V;

5 of separating shroud construction is the one most widely used at present. The§gé

Y self-priming process occurs as follows.

The casing of the pump is initialiy filled with the liquid to be ﬁgmped
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’g(say, 2 liters), then as the impeller rotates the vortex motion of thel fluid

r‘*’ N Bl g

gcreates favorable conditions for mixing of the air delivered from the sumiction

¢ %pipe with the fluid f£illing the pump. The air-fluid mixture is discharged

gthrough the discharge opening into the shroud,

50 {As & result of the difference in density between the air and fluid, the;mixturé 7
51 : 3
52 Liswsep&rated in the shroud. The air is' lifted upward, emerging into the
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Figure 4. Type ESN-1 Pump with Separating Shroud.

{f discharge pipe, while the separated fluid is agein delivered through a return

§

process. The separation process is continued until a quentity of air has been -

° ‘removed from the suction conduit corresponding to the necessary pressure drop
2 for lifting the fluid.

When the fluid flow rate Vk into the return slot and the cross section F

- of the latter are known, the flow rate of fluid through the return channel can _Q;

Vilbe determined, hence the required air suction intensity and dimensions: of the

ey
2
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‘separating shroud can be properly calculated. The fluid flow through tge retuﬁéf
| i P2 P

41

?%Echannel is determined from the equation

ch Q==uF V?g(==—- 7+ L;’Qc) .

?%gwhere p is the discharge coefficient, p = 1/ xfifi_g'(where ¢ is the friction

é; écoefficient), z, end z, are the fluid levels in the pump, P__ 1is the ﬁ%essurEi:}

;?iihxn}ﬁg%mted by the pump in the suctiom pipea ... ... . Ewmwwwwmég
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6 glot omto the blades of the impeller and sgain takes psrt in the mixture-forming’
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o ihvestigétiéﬁéréfwshféudAéonéffﬁétibns have showhffhatkiﬁc}éESiﬁg the di- -
mensions of the shroud and fluid level in it (22) increases the suction inten-
:sity and the vacuum crested, while decreasing the dimensions of the shroud and f -

3

§z2 lowers the suction intensity. However, by plecing dampers of various con-

CoOD Sy e

éstructions over the delivery aperture aﬁd choosing the optimum fluid flow rate §

- t
ﬁfithrough the return slot, the air suctioﬁ intensity can be greatly enhanced Withé?}
égrout increaszing the dimensions of the sh%oud. o
For pumps operating on fluids of different viscosities, the placement of
dampers in the shrouds is mandatory, since strong liquid-air mixtures are
formed in the case of a viscous fluid, and these mixtures are poorly separated

- .in the separating shroud without dampers.

The use of grid dampers in the shrpud is even more desirable in that, with;;é

v
e

i
(3

1~;their larger flow-through cross sectional area by comparison with aspirators,

T*ifﬁé pump efficiency is lowered only by 2 or 3%, whereas existing sspirator ~
constructions lower the efficiency by 8 to 12%.

The effectiveness of grid dampers‘is confirmed by comparing the ESN-1 and’ff

; TsVS-53 type pumps. Here, solely as the result of a structural modification of?f

»: the shroud used in the ESN-1 pump and the addition of a grid damper, the -

3;:TsVS—53 is created, which is only half the size and weight. The weight of the';f

ESN-1 pump is 42 kg, that of the TsVS-53 is 18 kg, the efficiency of tﬁe

4
S
!

i

| TsVS-53 is 8% higher than that of the ESN-1. 17 4y

-

E In normel operation of the vortex pump with high heads, it is necessary

to relieve the impeller of radial thrust.

One solution to this problem was the design of the STsL-16-75v pump by the£i3

f Krasnyy Fakel Factory; this type of pump is illustrated in figure 5. By introémf

- _iducing a relieving crown in the upper part of the vortex stage, they Wé?e able{E}

— T — i
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5 Figure 5. Diagram of the STsL-16-75v Pump.

- to produce a very high head on one impeller. For this, two concentric rows of

;f blades are placed on the impeller of the STsL-16-75v at different dismeters, 3
if’corresponding to the two working chammels in the casing. The stages operate z
ii:sequentially3 increasing the head to 120 m in actual operation. =

| The absence of radial loeding at such high heads meant that an experimgntafll

i;?prototype of the pump could be tested oﬁ sliding bearings in water without
é?%additional lubrication, the wear turning out to be negligible.

It must be assumed that the indicated construction is the preferable one aﬁl"
;: the present time for generating high heads. However, it has the apprecieble
{},disadvantages of engineering complexity in production of the impeller and the

;;difficulty of designing the self-priming equipment.

Z?% An alternate solution to the problem of relieving the impeller off?adial
Lo | ‘ .
’g;thrust was the design of cantilever blades for the type 1.5V-1.3M impeiler. )

T%?Here, because the blades open both up and down, the pressure differencéiis ab-  *
'sorbed by the pump casing, and the impeller remains unloaded. Furthermore, it T
fb:becomes possible to impinge the fluid on the inner tips of the blades, ﬁhich,

50 pirst of all, permits additional utilizetion of the head from the action of the -

£
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:‘;é;%fifugal forces, second, somewhat improves the cavitation resiéféﬁééyafmﬁﬁéﬁf
 >pump (since the fluid is delivered at & smaller radius), and, third, construc-
iitionally facilitates the passage of fluid from one stage to the next for multi-

7 'stage pumps. Moreover, the milling or casting of the cantilever blades is

slightly easier than for blades of the conventional type of impeller. However,:
0 ; ;

0
;fu

Ecantilever blades require additional lathework and have somewhat less strength %?i
Efyin bending. ’ -
For normal pump operation (without friction at the casing wall), however,
i‘these blades, like any other type of blade, have & considerable reserve of
strength. Any blade will be put out of commission, of course, by stalling or
ji‘choking. |

The unquestionsble advantages of cantilever blading (high head and high

3
ol

%

‘iperformance), which first became manifest in tests on the 1.5V-1.3M pump, have%

j%kmade itwpo;éiﬁiéwéo Eééiéﬁ aﬁ;;ESéf 6fugéﬁ£;£fugéi;vbftéx Euﬁbéwﬁith'aréiﬁgle
}f impeller relieved of any radial thrust.

This type of impeller was first used in the 3STsV-3 pump (fig. 6), which

f was designed to replace the double-impeller centrifugal-vortex pump STsL-20-2h.;f

" The elimination of radial loading accomplished in the STsL-20-24 pump operating 5?

:] under 200 kg load made it possible to decrease the shaft diameter, to improve

f?‘the seal, and to decrease the cost of operating the pump while lowering: its

‘.\:

:igweight and decreasing its size. In asddition, by imparting a special configura-":
zf;tion to the channel, the slope of the head characteristic under nonopei@tional@??

‘conditions was rendered safe against engine overloading or destruction of the
pipelines as Q — 0. The effieilency under operating conditions is also in-

.7 creased (figs. 7 and 8). This type of pump has been further developed in the

s3e.
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Figure 6. 3STsV-3 Single-Ihpeller Centrifugal-Vortex Pump.
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Figure 7. Characteristic of the 3STsV-3 Pump.
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Figure 8. Characteristic of the STsL-20-24 Pump.

A highly representative model from the viewpoint of solving some of the

3$most vexing problems in the construction of vortex pumps is the 25TsV-0.8

. (fig. 9). Owing to the inclusion of & centrifugel stage, this pump operates at ;;

lf53000 r.p.m. with sufficiently high cavitation resistance, the high r.p.m. im-

lgﬁpartlng a good potentlal for the generatlon of hlgh pressure on a 51ngle small

impeller (D2 = 175 mm)s The pump impeller is relieved of radial thrust, thus

f@ permitting a head of 200 m to be obtained. The impeller in this case is seated i%

.- on a long bracket on the shaft, making it possible to build the very strong

stuffing assembly required at high pressures. Cantilever blades permit the

;gjhydraulically advantageous passage of fluid from the centrifugel to the vortex

‘¥:stage and on to the blade tips, as a result of which, in spite of the rather [ =

Ly
f
LY/

o

7“ ‘severe parameters (n 8; Q=1 m3/h H=200m H 0; at a useful power of only

about 2 kW the pump efficiency attains 36%)
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- Figure 9. 2STsV-0.8 High-Head Pump with & Single 3
= Centrifugal-Vortex Impeller.
: In almost all vortex pumps, the liquid flow at & velocity vy in the dis-

charge opening with cross seetion F, suddenly expanding from F, to F, as it . 7L
- ;emerges from the discharge opening and acquiring a velocity ALY, where F2 > Fl.v
J The discharge losses due to the sudden expansion of liquid flow on emerging

J from the discharge eye is determined by the Borda-Carnot equation:

2
h = (vl " va) .
SeCe 2g

The loss of head in sudden expansion can be expressed either in téims of

[

i, i the velocity head before expansion or in terms of the velocity head afiter ,
i £ -+
Lo . ,
L7 eXpansion, i.e.,
i' — - U

I
;

R 9 B : ~ .
hs.o.—(1—-22 ok v_:_lyﬁ .
S.€.,~ . - vy 2g - Uy 2g : ‘- : 1

Bearing in mind the equation of continuity vz/vl = Fl/F,V 5 We obtain

T W
se.=\1—F, ) 9g=\F, —') 2%
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Consequently, decreasing the cross sectional area of the shroud is desir-
- .able not only for reducing the size and welght of the pump, it is also a very
. effective means of increasing the efficiency3 because, for example, in the case:

7 of the ESN-1 pump, for which the cross sections of the discharge opening and

u?ishroud are Fl = 0.00027 m? and F2

1 Q=10 m3/h, the head losses are Lo
00256 N 10 N2
hs-e-='( 3.00027 ’f‘) (3600-0.0256) X

1
X 5581 =53 M.

= 0.0256 o” nd the pump capacity is g

In the general balancing of the head developed by the pump, this asmounts to ?
~ about 15%. Consequently, an increase in the efficiency of vortex pumps must be |

7i realized both at the expense of an improvement in the configuration of the

:;;channel and impeller and at the expense of fluid flow on emerging from the dis-

i
[

i:jthe result of carrying off the fluid from the discharge opening in helicsal
o fashion, using spiral volutes of the type common on centrifugal pumps; this
~"permits elimination of the shroud.

This kind of volute was first realized in the construction of the VS-65-AM€€
. pump (£ig. 10).

The cases that we have examined do not exhaust all of the possiblé”ways ofgg

oy

I}
9

g;;raising the efficiency or of decreasing the size and weight of closed iﬁpe vor-, *

Py
il

N ;tex punps. The size and weight of the vortex pump can also be diminishéd‘by

4
i
A

T

L

; inserting a bracket with bearings "inside" the pump, as is done, for eXémple,

.~ in the 2.5VS-3 pump.
This construction, while complicaeting the configuration of certain detail§wj
Q:'Eonly slightly, has made it possible to obtain the smallest possible siz? and

ggiwmsight“for-a given overall set of pump dimensionse - oo ek L
S S L U ]
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Figure 10. VS-65-IM Vortex Pump.

A considerable shrinkage in size and weight, with improved operational

~© characteristics at the same time, has been achieved in new vortex pump construc-::

e

tions with open passages. For example, the VS-65-AM pump, which has the same idﬁ

éelf-priﬁigé”éépégiliffménd ﬂ&&igﬁii;"éﬂéﬁaéferié%iéwih nofmal oéératingméondi-éfé
ii‘tions as the analogous VS-65A pump, has & three-percent higher efficiency. Thié;i
2i is attained chiefly through improvement of the flow-through part of the pump, g
where the fluid from the working impeller is discharged by means of a rectangu- }f

ll lar spiral volute of the type used on centrifugel pumps. The axial dimension

' ‘of the mew pump is half that of the VS-65-A, its weight is 35 kg instesd of 62

;i?kg. The construction and engineering are also far simpler.

Figure 11 shows & schematic diagram of the self-priming operationfin cen- |

Etrifugal pumps using open type vortex impellers. The vortex impeller ip this ‘f?

;fcase is connected to the centrifugal impeller in parallel. The shortco@ing of .
fi;such connection under actual pumping conditions is the possibility of filuid
fi?backflow from the discharge pipe into the suction pipe, which greatly lowers théil
iiif?pacity and performance of the pump. To avoid this, many factories have builtff

. LAk ]
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Figure 11. Schematic Diagram of a Self-Priming Centrifugal Pump.
?jpum@s designed such that the head characteristic of the vortex stage will be
fjsimilar to that of the centrifugal stage. This also lowers the overall per-

[ 74
ol

7 ‘formance of the pump, however, due to the appreciable increase in power required;

jifby the vortex stage. The commercial TsBP-51 and L-PDM centrifugal pumps manu-‘jf
;‘factured on this principle have an overall pump efficiency 8 to 12% lower than ?j
:i‘the efficiency of the principal centrifugal stage.
A more suitable hookup between the vortex and centrifugal stages is to

' connect the impellers in series, as is done in the new self-priming centrlfugal

pumps TsS-65 (fig. 12) and KSN-65. In these pumps, under self-priming: condl-

53§t10ns, the air passing through the centrifugal impeller and through the gap ;%3
4

fbetween the centrifugal impeller hub and casing is received in the chamber ahead

’;v‘

of the vortex impeller, which pumps it into the discharge cavity of the- vortex

limpeller. The air is then drawn off through a drainage pipe behind the‘discharge

4

% gate of the pump. Under actual pumping conditions, the vortex impeller’is undeb?

‘the pressure developed by'the centrlfugal 1mpeller, and the fluid is dlscharged

o
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“60 . Figure 12. TsS-65 Self-Priming Cenmtrifugel Pump.

%:1into the pressure well of the vortex stage with a head equal to the sum of the ‘;;
Ef‘heads of the centrifugel and vortex stages. This totally eliminates backflow o
;:of the fluid, permitting the use of a vortex impeller with very small heads

(8 to 10 m H2O), reducing the dimensions of the vortex impeller, and thus con-

siderably lowering the required power input; the efficiency of the centrifugsl

stage is only lowered by sbout 4 or 5%.

A Moreover, these constructions permit & twofold or more increase in-the airﬁ[l6
W Pz !
fzgsuction intensity of the usual vortex stage, since it becomes possibleito space -

jﬁ:;two or more suction and discharge openings over the length of the chanhél
f%‘(fig. 13). The placement of the suction and discharge openings as in figure
;{%:l3a provides the pump with self-priming, as well as a steeply falling Q-H curve@ii
é?fWith the openings placed as in figure 13b, the air suction intensity fr?m the o

- § N -
57 isuetion-line is increased and the head is lowered considerably during regular
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" pumping operation, which must lower still further the power required by the

- vortex impeller and raise the overall efficiency of the pump.

Discharge,

P L
Figure 13. Placement of the Suction and Discharge Openings Along the Working
Length of the Channel: &) With One Suction and One Discharge Opening;

b) With Two Suction and Two Discharge Opening.

Considering the widespread applicafbion of vortex and centrifugal-vortex :
pumps in various branches of Soviet industry and the ever greater demand for “

;them, it is essential that they be continually improved and refined, which wﬂ.l 3 5

provide greater economy of ferrous and nonferrous metals, as well as improve .

substantially the hydraulic criteris and diminish the size and weight of such
pumps.
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